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Static force data obtained at the NASA Ames Research Center
12-foot Pressure Tunnel are presented in plotted form for a 1/7-
scale, single-engine,low-wing general aviation airplane model. The
configurations tested included the basic airplane, various airfoil
shapes, tail designs, fuselage strakes and fuselage modifications
as well as airplane components. The test conditions included an
angle-of-attack and sideslip range of -8 to 90 and -I0 to 30 de-
grees, respectively, at a Mach number of 0.2 for Reynolds numbers
of 0.288 x 106 and 3.45 x 106 . The data are presented without
analysis.
INTRODUCTION
The NASA Langley Research Center has initiated a broad gener-
al aviation stall/spin research program which includes spin-tunnel
and free-flight radio control model tests, as well as full-scale
flight tests for a number of configurations typical of light gen-
eral aviation designs. As a supporting part of this effort, a se-
ries of static and rotary balance wind tunnel force tests covering
these same configurations will be conducted to establish a data
base for analysis of model and full-scale flight results, and to
be used in the development of design charts for desirable stall/
spin characteristics.
The first force test program,reported herein, involved static
wind tunnel tests of a typical single-engine, low-wing, general avi-
ation airplane configuration in the Ames Research Center 12-foot
Pressure Tunnel. During these tests, data were obtained for the
basic configuration and for modifications previously investigated
during spin tunnel tests of a I/ll-scale model (ref. i). These
modifications consisted of different airfoil shapes, tail designs,
fuselage strakes, and fuselage shapes. In addition, airplane com-
ponent (i.e., fuselage alone, fuselage-wing, etc.) data were ac-
quired. The data are presented in this report, and a subsequent
report will present an analysis of the data.
m
The data obtained in a spinning flow environment with a rota-
ry balance located in the Langley spin tunnel is presented in ref-
erence 2 for the configurations presented herein.
SYMBOLS
The units for physical quantities used herein are presented
in the International System of Units (SI) and U.S. Customary Units.
The measurements were made in the U.S. Customary Units, and equiv-
alent dimensions were determined by using the conversion factors
given in reference 3.





















axial-force coefficient, Axial force
qS





rolling-moment coefficient, Rolling moment
qSb
pitching-moment coefficient, Pitchin_ moment
qs_




wing area, m 2 (ft 2)
angle of attack of fuselage reference line, deg





aileron deflection, positive when right aileron is down,
(6 -6 )/2, deg
aR aL
elevator deflection, positive when trailing edge is down,
deg




A 1/7-scale steel model of a configuration considered to be
a typical low-wing, single-engine, light general aviation airplane
was tested. A three-view drawing of the model is shown in figure
i. The basic dimensional characteristics of the model are present-
ed in Table I. Photographs and sketches of the model installed in
the Ames Research Center 12-Foot Pressure Tunnel are presented in
figures 2 and 3, respectively.
The model was fabricated such that various airplane compo-
nents were removable for component build-up tests and for testing
alternate wing airfoils and tail configurations. In addition, al-
lowance was made for attaching various fuselage strakes and modi-
fications.
The three wing airfoil sections tested were a modified NACA
64 series airfoil with and without leading-edge droop, and a NASA
GA(W) -i airfoil. Sketches of the airfoils are shown in figure 4.
The three tail configurations tested involved different locations
of the horizontal tail as shown in figure 5. The fuselage strakes
and modifications tested are shown in figures 6 and 7, respective-
ly. The dimensional characteristics of these fuselage additions
are presented in Table II. A modification of the wing fillet
trailing edge was also tested; this entailed rounding the sharp
trailing edge as shown in figure 8. - _
The model control surfaces were constructed such that they
could be set at any of three desired positions prior to the test
(zero and full throw in either direction from zero).




25 right, 25 left
25 up, 15 down
25 up, 20 down
The maximum
TEST CONDITIONS
The tests were performed in the Ames 12-foot Pressure Tunnel.
Two tunnel entries, during November 1976 and January 1977, were
required to complete the program. The model was tested for an
angle-of-attack range of -8 to 90 degrees and a sideslip angle
range of -i0 to 30 degrees. Two stings were required to cover the
angle-of-attack range. The sting shown in figure 4a, which en-
tered the model through the bottom of the fuselage, was used for
testing at e = -8 to 50 degrees. The high angle-of-attack sting,
shown in figure 4b, which entered the model through the canopy,
was used for testing at _ = 40 to 90 degrees. This arrangement
allowed an overlap of the data in the 40 to 50 degree range.
The Mach number of the tests was 0.2, and measurements were
taken for each configuration at Reynolds numbers of 0.288 x i06 and
3.45 x 106 based on model mean aerodynamic chord. The high Reyn _
olds number data is representative of the full-scale airplane,
whereas the low Reynolds number data more nearly represents free-
spinning tunnel and free-flight radio-controlled models.
DATA PRESENTATION
Table III identifies the configurations tested as well as the
figure and page numbers in which the corresponding data are plot-
ted. Each figure consists of six parts:
a) Longitudinal coefficients vs _, stability axis
b) Longitudinal coefficients vs a, body axis
c) Lateral- directional coefficients at zero side-




Lateral-directional coefficients vs e for various
B values, body axis
Directional coefficients vs 8, body axis
Lateral coefficients vs _, body axis
Table IV lists a key to the configuration nomenclature used
in Table III and the data figures.
The data are arranged in two parts. The first part, figures
9 through 45, presents the data at RE = 3.45 x 106 The second
part, figures 46 through 82, presents the RE = 0.288 x 106 data.
All moment data are presented for a center-of-gravity posi-
tion of 0.255_.
An examination of the data indicates many instances in which
the data measured with the low and high angle-of-attack stings are
offset in the overlapping angle-of-attack range of 40 to 50 de-
grees. The angle of attack and sideslip value at which the meas-
urements are compromised by sting and/or tunnel wall interference
depends on the configuration tested, i.e., fuselage alone, tail
off, complete configuration, etc. and the coefficient measured.
However, all of the data appears valid at _ = 40 ° and below and
= 70 ° and above for the low and high angle-of-attack stings, re-
spectively. For the above reasons, the directional and lateral
coefficients vs sideslip are not presented in figures (e) and (f),
respectively, for angles of attack between 40 and 70 degrees.
z
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TABLE I.- DIMENSIONAL CHARACTERISTICS O__ THE MODEL
Overall length with tail 3, m (ft) ........ .83 (2.73)
Wing:
Span, m (ft) .................
Area, m2 (ft 2) ................
Root chord, cm (in.) ............
Tip chord, cm (in.) .............
Mean aerodynamic chord ............
Leading edge of _, distance rearward of leading



















Span, m (ft) ................... 33 _i.07)
Incidence, deg ................ -3.0
Airfoil section ............... NACA 651-012
Vertical tail:
Airfoil section NACA 651-012
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TABLE II.- DIMENSIONAL CHARACTERISTICSOF FUSELAGEADDITIONS
Rounded fuselage corners (C):
Length, cm (in.) ...............




Length, cm (in.) ...............
Width, cm (in.) ...............





Length, cm (in.) ...............
Width, cm (in.) ...............




Strake, cowl (SC) :
Length, cm (in.) ...............
Width, cm (in.) ...............





Length, cm (in.) .............
Maximum width, cm (in.) ...........




TABLE III.- CONFIGURATIONS TESTED AND FIGURE INDEX
(Unless noted otherwise, all conflgs, tested through e - -8 to 90 ° and 8 =-10 to 30 ° )
REYNOLDS NO.








































































































+ Wing fillet mod.



















_- -8 to 45 ° only
s- -8 to 45 ° only
_- -8 to 45 ° only
e- -8 to 45 ° only
_ -8 to 45 ° only
_- -8 to 45 ° only
missing for _= 40
90 ° @ RE= .288 x l_
e= 40 to 90 ° only
e= -8 to 45 ° only
_ 40 to 90 ° only




















Modified NACA 642 - 415 airfoil
NASA GA(W) - 1 airfoil



























. " 82n I
(32.33) I
Figure i.- Three-view drawing of i/7-scale low-wing general
aviation model with tail 3 illustrated. Center-of-gravity
position at 0.2555. Dimensions are given in centimeters
(inches), model scale.
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Figure 2.- Installation photoqraphs of low-wing general aviation model in Ames













a) Sting configuration for -8 ° <_ _ _< 50 °.
Figure 3.- Sketch of model installation in Ames 12-foot Pressure













b) Sting configuration for 40 ° _ e _ 90 °"
Figure 3.- Concluded.
/-
NASA GA(W) -i airfoil.
Modified NACA 642 - 415 airfoil with leading-edge droop.
Modified NACA 642 - 415 airfoil.
Figure 4.- Wing airfoil sections tested on model.
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Figure 5.- Tail configurations tested on model. Dimensions





a) Horizontal strakes on fuselage sides.
(6.50)- _ (5.45)






c) Cowl strakes on fuselage sides.
d) Ventral fin on fuselage bottom.
Figure 6.- Fuselage strakes and ventral fin tested on model.









c) Deep rounded fuselage bottom.
18
Figure 7.- Fuselage modifications tested on model. Dimensions
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FIGURE 72. - EFFECT OF ANGLE OF ATTACK AND SIDE3LIP ANGLE ON AERODYNAMIC
CHARACTERISTICS AT RE = .288 E+06 FOR CONFIGURATION B WI H3 V.
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(B) LONGITUOINAL FORCE AND MONENT COEFFICIENTS RBOUT 80BY RXES.








,04 r-_ -- - _--
rl ........
.02 _F ......
0 _- ........ _._
-,02 ---- _ ....
-,04 ___ _ J
L L_I_ __










-10 0 l0 O0 30 40 50 60 70 80 90
Cl,cLeg
(C] LATERAL - DIRECTIONAL FORCE AND MOMENT COEFFICIENTS ABOUT BODY AXES
AT ZERO SIDESLIP,










Cn .o2_ _ _.




















(O) LRTERRL - DIRECT[ONRL FORCE
!iii :oo ii!ii
50 60 '70 BO 90
C_,(_g
AND MOMENTCOEFFICIENTS RBOUT BODY RXES.








































[E} OIRECTIONRL - STABILITY CHQRQCTERIGT[C8 QBOUT BOBY QXE8
AT VARIOUS QNGLES OF ATTRCK.













FI c_ : 16'
'O cc = 20"
I A a=30"








I i i '
30 -tO 0 0
[] a=70 °




(F] LATERAL- STABILITY CHARACTERISTICSABOUTBODYAXES
AT VARIOUSANGLESOF ATTACK.
FIGURE76. - CONCLUDED.
'____ I ___L_ I L_._
•2 1v- _,,N i '
IZ ..... _
...... \ _L '--Gra "_ ........ _ i
-.B ........... ! ...... i
I I
' I











































__+ _1+ I ........
A_L_
70 BO _0
{FI)LONGITUDINAL FORCE FINDMOMENT COEFFICIENTS FIBOUTSTFIBILITY FIXES-
FIGURE '7'7.- EFFECT OF FINGLEOF ATTACK FINDSIDESLIP ANGLE ON FIERODYNFIMIC
CHARFICTERISTICS FITRE = .2B8 E+06 FOR CONFIGURFITION B WI H3,


















-1o o lO. _o _o _o _o oo _o 8o _o
C[, _g
(B) LONGITUDINRL FORCE.FINDMOMENT COEFFICIENTS FIBOUTBODY RXES.
FIGURE ??. - CONTINUED.
"a3RNI/NO3- "LL 3aROIJ
• d17£90I£
£3XU 1008 inOSW £1Nqi3I-4-4303 LN3WOIAONU 33_03 7UNOIID3aIO -
06 08 OL 09 0£ OE 0£ O_ 01 0 0 |-












-- -- 7 80'
/ -1-! .......... ,o.
---- r -- _T ........ 0o.
uD
h o-
" "_ -- ___ }1 °
_D
Cy
'_ ...... i !....
•o___ _ -_ :_':" o, _
-.2 _-_ ...... _ ........... _.
....... i
_ L_ .............................. I
C n
' - .... i
• 06 _ j __
• 04 ........ : ...... J
_ _ J ........ ] .........
•o2 ..... J ....
-.o2 ..... _ .............. _....
J .... _ ] ......
..o, ....... ] ..... ,J ............














30 -I0 0 I0
B, deg
20 30 -10
(E) OIRECTIONAL - STABILITY CHARACTERISTICS ABOUT BOOY AXES
.AT VARIOUS ANGLES OF ATTACK,






















































(F] LRTERRL - STFIBILITY CHRRRCTERISTICS ABOUT BODY RXES



























.... I J .....
J '
' i



















60 70 80 80
(A) LONGITUDINALFORCE AND MOMENT COEFFICIENTSABOUT STABILITYAXES.
FIGURE 78. - EFFECTOF ANGLE OF ATTACK AND SIDESLIP ANGLE ON AERODYNF_MIC
CHARACTERISTICS AT RE = .288 E+O6 FOR CONFIGURATION BWl V.




/3 = 5 DEG !



































20 80 _0 gO 80 70 " 80 _fl
O_, deg
(C) LRTERRL - DIRECTIONRL FORCE RND MOMENT COEFFICIENT_ RBOUT BOOY RXE$
RT ZERO SIOESLIP.
4-36














- I0 0 10 20 30 YO SO 80 70 _ 90
CI._g
r_
{D} LATERAL - DIRECTIONAL FORCE AND MOMENT COEFFICIENTS ABOUT BODY AXES.















































1i i I 'J I
30 -I0 0 lO 20 30 -10 0 10 20
B, deg B, deg
[E} OIRECTIONQL - STQBILITY CHRRQCTERISTICS QBOUT BODY AXE8
RT VRRIOU8 ANGLES OF ATTRCK.



















'I] [] a = 70'
_=80 °
z_ a 90°











IF) LATERAL - STABILITY CHARACTERISTICS ABOUT BOOY AXES
AT VARIOUS ANGLES OF ATTACK.
A












2.o _0 B = 0 DEG .......... E_
I.@ L_







.2 i__ _ .... _1
\
.o _
-lO 0 I0 _ _ qO 50 60 _ _
(A] LONGITUDINAL FORCE AND MOMENT COEFFICIENTS ABOUT STABILITY AXES.
FIGURE V3. - EFFECT OF ANGLE OF RTTACK ANO SIDESLIP ANGLE ON AEROOYNAMIC
CHRRRCTERISTIC$ AT RE = .288 E+O6 FOR CONFIGURATION B WI.










































60 70 80 90
(B} LONGITUDINQL FORCE QND MOMENT COEFFICIENTS RBOUT BOOY QXES.
FIGURE 7_. - CONTINUED,
441
















-I0 0 10 20 30 40 50 60 70 80 90
CI, cleg
(C) LATERAL - DIRECTIONAL FORCE AND MOMENT COEFFICIENTS ABOUT BODY RXES
AT ZERO SIDESLIP.










. - i .,__
(D
t06
n _ = 2.s" I_ B = 2o'
.o4 .... I " " --Oa=5' 13 e=3o'
• 02 --
-.o4 ....... t _ -_===_=.... I-"
_,o_- _ _ _.-__ _-
-.]0 ........
_.÷ -- _
-,12 _ __L _ _ .
- 10 0 I 0 20 30 ½0 50 60 70 BOC_,deg
LRTERRL - DIRECTIONAL FORCE RNO MOMENT COEFFICIENTS RBOUT BODY FIXES,






[] a - -8'
-i O_=0'
! _=6'
i A C_= 12'
f



















-I0 20 30 -I0 0 10
B, deg
IE) OIRECTIONRL - STRBILITY CHRRRCTERISTICS RBOUT BODY RXE5
RT VRRIOUS RNGLES OF RTTRCK.
2O 3O
FIGURE 79. - CONTINUED.





[] O[ = -8 °
0 Q=O °
_=6'
i A cz= 12'

































































(F) LRTERRL - 5TRBILITY CHRRRCTERISTICS RBOUT BODY RXE8
RT VRRIOUS RNGLES OF RTTRCK.







-1.0 .............. i:  ttig,-I .2 I











L__L_ LJ _ _
i o B = 5 DEG© /3 10 DEG
Z_ B--- 20 DEG










2.o ]0 _8= 0 DEG ....... !,.,...... LL___........
.........._ ..........
L
_- _ J _ [ L_. I
-Z4J - II ,
_I _C-_--__
-.LI
-10 0 10 tO 30 _iO 50 60 ?0 80 BO
CI.deg
(B) LONGITUOINRL FORCE RND MOMENT COEFFICIENTS RBOUT BODY RXES.











































_I . j_.....- I t""_ L'"
,.--_.,...: _ _1_ _j _,---
....... L - --4
(D)
.o, __tZ_- "..... 0 B = -lO'(s_l_'vl A B-- 10'[] B = 2-5' I_ B = 20'
•04 ......... 0 B = 5' D B-- 30'
13 I -'02 i
- ,04
-_° i . -Z i
- 10 0 10 20 30 40 50 60 70 80 _0
0[, &eg
LATERAL - DIRECTIONAL FORCE AND NONENT COEFFICIENTS ABOUT BIDDY AXES.



























I I ! I i i
' ! P I
' ,,,i [ ; !
30 -I0 0 10 20 30
B, deg
IE) OIRECTIONRL - 8TRBILITY CHRRRCTERISTIC8 RBOOT BOOY RXE8
RT VRRIOU8 RNGLES OF RTTRCK,
FIGURE 80, - CONTINUEO.





: _0 a= 16°
Oa=20 °
'A c_ : 30"




























, I I , I _iI J _ I I
10 20
B, deg
IF] LRTERRL - STQBILITY CHRRRCTERISTICS RBOUT BOOY RXES
RT VRRIOUS RNGLES OF RTTRCK.



























-iO 0 I0 20 30 qO 50 60 90 BO 90
(A) LONGITUDINALFORCE AND MOMENT COEFFICIENTSABOUT STABILITYRXEB.
FIGUREBl- - EFFECTOF ANGLE OF ATTACK AND BIDESLIP ANGLE ON AERODYNAMIC
CHARACTERISTICSAT RE = .28BE+O6 FOR CONFIGURATIONB V.












s+M'---r P-"r_ _ +-i " +..l,-l'
+-4__I_ h I _I_ _--:_t_.m L< ....
A B = 20 DEG






0 B = 0 OEG
C N t.o --
C A
1,2 ___L J I J L I_ _. + L _ .--.,_+ ,+_.--++--
.......... t-- ...........
+-'_-- _+_j TZX- L.?'+-_ +--_+---__-,
I I









LONGITUDINAL FORCE AND MOMENT COEFFICIENTS ABOUT BODY AXES.




°_ ................. _ ...........





•04 .... - I .......
,02 ........ _ .......
....:- ,02 ...... _ ...............• ] •
/
-,04 ......... _ ____
_4 .....
k l 4" , {
• ___J
.o4- ii- ........ __ i
•02 __|_L_ ........ _--
L
........ _ J- ]----L-I-T L [ LJ.__
- .08
-.,_ L I I ] / I t I-TVTT-
-I0 0 ]O 20 80 ½0 50 60 70 BO 90
Cl,_g
(C) LATERRL - DIRECTIONAL FORCE RND MOMENT COEFFICIENTB ABOUT BODY AXE5
AT ZERO SIDESLIP.










- °0_ " --
-10 0 10 20 30 _0 50 60 70 80 90
(0) LFITERflL - DIRECTIONAL FORCE AND MOMENTCOEFFICIENTS ABOUT BODY AXES.

















• l FI a: 16"
i ! O a=20"
A a=30"












- .02 • ! _
,0Lt
-10 0 10 20 30 -10
B, deg





IE] DIRECTIONRL - STQB[LITY CHQRQCTERISTICS RBOUT BODY QXE$
AT VARIOUS RNGLES OF ATTACK.



















113 a : -8"I
0 a:O °

















(F) LATERAL - STABILITY CHARACTERISTIC5 ABOUT BODY AXE5
AT VARIOUS ANGLES OF ATTACK.
FIGURE 81, - CONCLUDEO,
a:70 °
a : 80"

























-I0 0 I0 20 30 qO 50 60 70 80 gO
C(, deg
(A) LONGITUDINAL FORCE AND MOMENT COEFFICIENTS ABOUT STABILITY AXES.
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